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(Atomnwn  iOO  worau 

Thin  films  (approximately  25  microns)  formed  by  mel t-extrudino  polypropylene  resin 
after  it  had  been  briefly  exposed  to  a  low-pressure,  low-temperature,  CF^/02  aas 
plasma  had  significantly  increased  dielectric  breakdown  strengths  with  very  little 
accompanying  changes  in  dielectric  properties. 
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High  r«liaJtiility,  spirally  vownd,  fils  capacitors  for 
industrial  applications  rsquirs  high  quality  dislsctric  filss. 
Film  limitations  ars  prassntly  dua  to  poor  Insulation  rasistanca 
and/or  lov  dislsctric  brsakdown  strengths.  Dislsctric  braakdoim 
strsngths,  Vb,  sxprssssd  in  V/micron  or  kv/mil  of  thin  polymsr 
filiui  play  a  ksy  rols  in  dstsrmining  ultimata  attainabls  anargy 
dsnsitiss  %dtsn  thsss  films  ars  ussd  as  dialsctrics  in  capacitor 
applications.  This  is  bscauss  ansrgy  dsnsitiss  of  film 
capacitors  incrsass  as  ths  square  of  ths  voltage  across  the 
capacitor.  If  Vb  of  polymsr  films  can  bs  incrsassd,  capacitors 
can  bs  operated  at  higher  voltages  which  translates  into  higher 
electrostatic  energy  densities. 

f 

Sines  the  capacitor  industry  is  cost  and  performance  driven, 
constantly  increasing  demands  are  being  made  to  lower  cost,  and 
improve  reliability  and  performance  of  materials.  One  rapid  and 
inexpensive  way  to  increase  Vb  of  polymer  films  is  to  briefly 
expose  polymer  films  to  low  pressure,  low  temperature  gas 
plasmas.  However,  much  less  information  is  available  on  effects 
of  gas  plasmas  on  finely  divided  powders  where  morphological 
changes,  as  well  as  modification  of  specific  surface  areas, 
surface  functionalities  and  charge  densities,  may  occur.  Such 
alterations  in  properties  for  powders  with  extremely  high 
surface- to-volume  ratios  could  subsequently  affect  wetting, 
adhesion  and  stability. ■  Surface  effects  of  treated  resins  may 
also  manifest  themselves  as  changes  in  bulk  dielectric  properties 
when  they  are  subsequently  melt  extruded  into  films.  In  the 
present  study,  we  measured  Vb  and  other  dielectric  properties  on 
melt  extruded  polypropylene,  PP,  films  where  the  powdered  resin 
had  been  briefly  exposed  (prior  to  melt  extrusion)  to  CF4/O2  gas 
plasmas. 

EXPERIMENTAL 

Pellets  of  PP  resin  (Himont  6823} ^  were  milled  in  a  Thomas- 
Wiley  mill  and  exposed  to  96%  CF^/A\  O2  gas  plasma  by  evenly 
distributing  a  thin  layer  of  ground-up  resin  on  aluminum  foil  in 
a  Branson/IPC  (Port  Washington,  PA)  Model  4150  barrel  plasma 
etcher  at  power  levels  of  approximately  0.006  vt/car  for  4 
minutes.  Treated  and  untreated  PP  resins  were  sieved,  and 
portions  of  powder  captured  by  30  or  40  mesh  screens  were 
extruded  on  a  screw-type,  Randcastle  Microextruder  under  the 
following  conditions:  screw  RPM,  50;  die  temperature,  450*F; 
barrel  zone  temperatures  were  177 'C  for  zone  1,  204 *c  for  zone  2, 
and  232 *C  for  zone  3.  Translucent  PP  films,  approximately  25 
microns  thick  and  40  mm  wide,  were  made  from  both  untreated  PP 
resin  and  PP  resin  that  had  been  exposed  to  96%  O2  plasma. 
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Brttakdown  voltagas  of  thasa  PP  fllns  vara  aaaauradi  in  air  at 
ro<»i  taaparatura  by  ramping  tha  voltaga  from  zaro  volts  at  500 
volts  par  second  until  breakdown  occurred  and  tba  film  could  not 
hold  off  additional  voltaga. 

RESULTS  AND  DISCUSSION 

Table  1  lists  dielectric  p'“operties  of  two  kinds  of  PP  fils: 
PP  film  extruded  from  unaviposed  PP  resin  and  PP  fils  extruded 
froB  PP  resin  that  had  bean  briefly  exposed  to  CF4/O2  plasma. 

Tha  data  clearly  show  that  exposure  of  PP  resin  (prior  to  malt 
extrusion)  to  CF^/O^  plasma  Increased  the  subsequent  breakdoim 
voltages  of  formed  films  by  about  75%  without  significantly 
affecting  either  the  dielectric  constant  or  dielectric  loss. 

This  dramatic  increase  in  breakdo%m  voltage  may  be  simply  due  to 
removal  of  surface  contaminants  and/or  inhibitors  or  antioxidants 
which  would  be  normally  adsorbed  on  po%rdered  resin  surfaces. 

These  species  would  have  become  trapped  within  the  PP  film  during 
melt  extrusion,  thereby  lowering  breakdown  voltages.  Exposure  of 
powdered  resins  to  CF^/O^  plasma  ma^  be  removing  these 
Impurities,  and  the  resulting  purer  resins  yield  films  having 
higher  breakdown  voltages.  Another  possible  explanation  is  that 
reaction  of  powdered  PP  resin  surfaces  with  CF4/O2  plasma  forms 
thin,  crosslinked  or  chemically  modified  (perhaps  fluorlnated) 
surface  layers.  When  this  resin,  with  high  surface-to-volume 
ratios,  is  then  melt  extruded,  the  chemically  modified  species, 
formerly  on  the  surface,  now  blend  into  the  bulk  to  form  films 
having  higher  breakdown  voltages  than  films  formed  from  pure  PP 
resin.  This  explanation,  however,  does  not  explain  why  these 
films,  formed  from  plasiaa  treated  resins,  show  no  substantial 
difference  in  bulk  dielectric  properties  over  films  formed  from 
untreated  resins. 

CONCLUSIONS 

Breakdown  voltages  of  thin,  melt  extruded  PP  films  can  be 
substantially  Increased  by  briefly  exposing  ground-up  PP  resin 
(prior  to  melt  extrusion)  to  low  pressure,  low  temperature, 

CF4/O2  gas  plasma. 
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TABLE  1.  Coaparlson  o£  dialectric  propart iaa  (dielectric  constant, 
dielectric  loss  and  breakdo%m  voltage)  for  PP  filas  (24-28 
aicrons  thick)  aelt  extruded  froa  30  aesh  PP  resin  which  had  been 
briefly  exposed  to  96%  CF4/4%  O2  gas  plasaa. 


Property 

Baseline 

Exposed  to  CP4/O2 

Dielectric  constant 

#1000  Hz 

2.19 

2.25 

#10,000  Hz 

2.19 

2.25 

Dielectric  loss 

#1000  Hz 

- 

6.6  X  10”* 

7.26  X  10”* 

#10,000  Hz 

5.5  X  10”* 

6.35  X  10”* 

Breakdown  Voltage 

kV/all 

5.2 

9.1 

V/aicron 

205 

358 

3/{4  blank) 
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